The fascinating journey of the human life begins with two cells merging and continuing to grow into a perfectly designed apparatus comprised of multiple systems working together. Even before one draws his first breath, our nervous system plays the key role of creating a synergy in every single action and process. It all begins during fetal development, which can nowadays be observed and studied through modern imaging technologies, such as ultrasound. This gives the reader an insight on how every part of the nervous system develops and correlates with the developing body using a minimally invasive approach. This article gives an assessment of the knowledge we have regarding fetal neurophysiology and what has been learned about fetal motor and sensory development so far, as well as memory and learning, behavior and emotions and fetal cognitive functions reviewed for selected sections. Furthermore, the article provides a review of how different external factors can harm the fetus and how fetal stress presents a potential threat in fetal neurodevelopment with lasting consequences on brain structure and function. The complexity and maturation processes build up during pregnancy and continue postnatally, allowing further accommodation and development to show the astonishing capacity of brain to learn and adapt.
INTRODUCTION
Researching the human fetus has progressed in the past decade by dint of four-dimensional (4D) ultrasound giving the researchers an insight into fetal intrauterine activities. Special attentiveness is given to the development of the nervous system due to its extensive progress and development during embryonic and fetal life. The maturation of the fetal central nervous system (CNS) is reflected in areas of motor and sensory development, fetal memory, and learning, emotions, and behavior, and their clinical significance as well as the role of stress in neurodevelopment, and its physiological response mechanisms. This article provides a revision of points of interest in fetal neurophysiology and neurodevelopment with a clinical review of the potential threats during intrauterine development.
FETAL MOVEMENTS AND ACTION
Many studies provide evidence that tracking fetal motility correlates with how the fetal CNS and other systems develop and maturate even before the mother can feel the fetus moving. 1, 2 Starting with the first trimester where most types of movement patterns become apparent, 3 the early embryonic development marks the beginning of early synaptogenesis in both the spinal cord 4 from weeks 6 to 7 and the brainstem 5, 6 from week 7, continuing with the basic structures of the diencephalon and cerebral hemispheres by the end of the 8th week. The first complex, well-organized movement patterns also known as general movements which include head, trunk, and limb movements appear at the end of the 8th gestational week. 7 As the brainstem maturates and the primary medulla oblongata and pons form along with cranial nerves V-XII, actions of isolated limb movements, breathing-like and facial movements can be seen. 2, 5 As of week 10, lateralization and signs of right-or left-handedness are evinced subsequent to motor activity stimulating the fetal brain. 8, 9 Later, in the 13th week of gestation, a "goal orientation" of hand movements is visible and a target point for each hand movement can be deduced.
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The second trimester is salient by gradual organization of fetal movement patterns (Figs 1 and 2 ). The periods of fetal quiescence begin to increase, and the rest-activity cycles become recognizable. Behavioral patterns expand and become more complex through the 15th week of gestation due to brain stem maturation. First eye movements are noticed between 16th and 18th week of gestation as sporadic movements with limited frequency. 2 Earliest electrocortical activity is preceded by the development of the subplate zone which is accompanied with growth of 
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cortical synapses. 11, 12 The most frequent facial movement patterns in the second trimester were isolated eye blinking pattern, grimacing, sucking, and swallowing. 7 The lower motor system clinically matures 13 and the spinothalamic tract is established; 14, 15 yet, the immature cerebral circuits have small involvement in motor actions. 11, 12 The fetus begins to establish a circadian rhythm with increased periods of fetal quiescence, making rest-activity cycles more recognizable. 2 The third trimester is marked with general development of all major systems and functions of the fetus. First evoked potentials are registered between 26 and 28 weeks, indicating functional connections between the periphery and the cortex. 16 The upper motor cortex develops later than the lower and becomes clinically significant at 34th gestational week. 13 The cortex starts to differentiate 12 into areas and a six-layered lamination is seen from 32nd week and beyond. 17 Association cortices, however, are less clearly delineated at this period. 18 With everything mentioned hitherto, it should be noted that the brainstem subunits remain main regulators of all fetal behavior until delivery. 5 Nevertheless, developmental trends in fetal motor patterns may indicate the establishment of control of more cranial brain structures. 2 The brainstem, midbrain, and pons mature further and increase the complexity of both general and eye movements with a distinguishable sleep-wakefulness patterns beyond week 30. 2, 19, 20 A stagnancy or downfall in the frequency of facial movements which peaks at the end of second trimester has been noticed. Detected intentional and planned movements point out to an advanced level of fetal motor planning. 21 Based on the assessment of fetal spontaneous motor activity by 4D ultrasound, a prenatal neurologic scoring test named KANET (the Kurjak Antenatal Neurodevelopmental Test) was introduced. 22 This test has been used to assess over 2,000 fetuses and the results have shown that KANET has an ability to recognize normal, borderline, and abnormal behavior in fetuses from normal and pathological pregnancies. [23] [24] [25] [26] [27] It should be noted that no movements found in fetal life are absent in neonatal life with a subtle prenatal-neonatal continuity. 28, 29 Specialized movement patterns, crucial for the survival of newborns, such as swallowing and respiratory movements, also develop and mature during gestation and are important during intrauterine life. 2 Furthermore, recent data indicate that fetal movements serve not only to express different orientations, but also emotional states and manifestations of intentions. 30 External factors, such as smoking and mother's emotional stress influence the number of fetal movements and development heavily. 31, 32 Similar outcomes have been shown in cases of maternal diabetes mellitus, fetal anencephaly, and intrauterine growth restriction (IUGR), 33 resulting in accelerated development of most functions, apart from all brain functions. 34 It has been recently shown that primary sensory motor and affective integration errors and poorly regulated motor intentions underlie autistic spectrum disorders. 35 By modifying motor experiences prenatally and postnatally the prefrontal cortex, which functions to plan and direct motor, cognitive, affective, and social behavior, can be changed dramatically by events beginning prenatally and throughout the life span. 36 Synchronized communication across the neural systems responsible for higher-order cognitive functioning 37 is possible with white matter myelination starting late in embryonic development and continuing throughout the postnatal life. Formed around the 18th week of gestation, the corpus callosum represents an integrative part of white matter for sensory, motor, cognitive, and emotional functions from both hemispheres. Abnormal volumes are associated with learning and behavioral difficulties, speech and language delays, cognitive, and motor impairments, including cerebral palsy.
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FETAL SENSORY PERCEPTION
Some of the first sensations to develop during intrauterine life are touch and pain with perioral region, hands and lower limbs becoming touch sensitive early in fetal development.
2 By 14 weeks of gestation, most of the body, excluding the back and top of the head, is responsive to touch 34 with motor reflexes driven by the spinal cord and its afferent-efferent circuits. Following the instalment of thalamocortical pathways around 23rd week of gestation, the primary somatosensory cortex, along with other cortical areas differentiates, 14, 15 continuing in the postnatal period, allowing tactile sensations to be processed. Along with cortico-cortical connections, it is fundamental for cortical processing of sensory information and mental processes. Body consciousness arises around 25th week of gestation linking it with the emergence of a minimum level of consciousness. 38 With the development of first nociceptors during 7th week of gestation, first reactions to painful stimuli can be detected. Painful stimuli of appropriately innervated areas trigger a wide spectrum of physiological reactions activating the hypothalamus-hypophysis axis or the autonomic without reaching the cortex which can be suppressed by analgesics. In order for a fetus to sense and process pain, an according pathway is established with necessary connections by the 26th week of gestation. Recordings of somatosensory evoked potentials (SEP) during 29th week of gestation provide evidence of a fully functional and operating pathway. 2 Along with physiological changes of heart rate and blood oxygen saturation 39, 40 fetal facial expressions similar to those of children sustaining pain have been noticed by 4D sonography becoming more complete as gestational age increases and may be considered an adaptive process which is useful to the fetus postnatally. 41 Prenatal and/ or neonatal exposure to pain results in prolonged stress response and may alter pain thresholds as well as abnormal pain-related behavior later in life. 42 Despite the great interest of scientists in fetal conscious experience and memory of pain, unconscious reactions, such as the secretion of stress hormones and their far-reaching adverse effects are probably more dangerous for the development of the fetus than terrifying memories. 43 Flavors from mother's diet during pregnancy are transmitted to the fetus via amniotic fluid and can be sensed since 7th week of gestation with the development of taste buds. This provides evidence for the acquired food taste, previous to first solid food intake. [43] [44] [45] Sense of smell is processed from 20th week of gestation onward through the orbitofrontal cortex. Behavioral responses to pleasant and unpleasant olfactory sensations can be recorded in preterm infants from about the 29th week. The fetus is also able to express pleasure or disapproval of tastes and smells. 46 It is believed that thirst, satiety, and appetite mechanisms are developed prenatally with studies providing evidence on modulation of fetal swallowing and argininevasopressin secretion in changed osmotic environment. [47] [48] [49] Neuropeptide Y and leptin represent the main feeding regulatory factors, with both NPY and leptin being orexigenic factors in fetuses, increasing fetal swallowing. Although leptin serves as an anorexigenic factor in adults, it is believed by some that the number of leptininhibitory responses plays a role in satiety in fetuses. 50 As with any other sense, it is essential for the fetus to be exposed to visual stimuli for the appropriate development of vision. This thesis has been experimentally confirmed with the fetus reacting to a flash stimulus over the maternal abdomen with the visual evoked brain activity, recorded by magnetoencephalography, from the 28th gestational week onward. 51 Visual connections between the subunits of the visual path that are established by midgestation continue to develop afterward. 52 In the primary visual cortex, synaptogenesis persists between 24 weeks of gestation and 8 months after birth. Continuing even after birth, the first surface-positive evoked potentials that are recorded between the 36th and 40th week distinguish the maturation of visual cortex. Furthermore, fetal eye motility takes part in the functional maturation of the eye and retinal (neuronal) cell differentiation.
2,43
The development of the cochlear function spans from between 22 and 25 weeks of gestation to the first 6 months after delivery, showing that fetuses respond to auditory stimuli even before their mothers can sense their reactions. Prolonged pontine maturation correlates with delayed selective response to sounds. Reflexive body movements, head-turning, and heart-rate acceleration are characteristic responses of the fetus to external noise from the 36th week of gestation to delivery with an ability to discriminate different sounds. The selective preference for mother's voice and other familiar voices is attributed to the tonotopic organization of the cochlear nuclear and the maturation of the brainstem during the last weeks of pregnancy. 5 It provides strong evidence to brainstem's learning-related activity. The synaptic plasticity of the brainstem nuclei and their pathways makes them susceptible to the external auditory experience and capable of "synaptic learning". That is to say, the repetitive auditory stimulation, or lack thereof, forges these networks and pathways, which in turn, selectively respond to the stimuli that shaped them.
FETAL MEMORY AND LEARNING
Owing to methods, such as habituation, classical conditioning and exposure learning made our knowledge on fetal memory and learning more extensive. Fetuses demonstrated learning by habituation, the decrement in response following repeated presentation of the same stimulus from 22 weeks of gestation onward 53 with the prefrontal and hippocampal regions being key elements in the orienting response. 54 It has been proved that younger fetuses need more exposure to vibroacoustic stimuli than older ones in order to register certain developmental trends. Fetal habituation can be affected in a negative manner, as a consequence of maternal stress and depression, resulting in developmental delays that may be linked to impaired function of the fetal cerebral cortex. 55 Classical conditioning is the method which involves the pairing of two stimuli: A conditioned stimulus (which elicits no response when presented alone) and an unconditioned stimulus (which elicits a fetal response when presented alone). Following repeated paired exposure to these two stimuli, the conditioned stimulus also elicits a response termed a "conditioned response". It has been demonstrated with fetuses from 32 to 39 weeks of gestation, although it could be demonstrated with anencephalic fetuses as well. Studies in chimpanzee models, using classical conditioning, have shown that fetuses can learn and retain obtained information for at least 2 months after delivery. 56 Reexposing the fetus to a stimulus after a number of exposures and then comparing the response either to the response to the "unfamiliar" stimulus or to the response of an unexposed fetuses to the same stimulus, also known DSJUOG as exposure learning, is the third method used in investigating fetal memory and learning. Results were shown with fetuses at 37 weeks of gestation, whereas various reactions with fetuses at 30 weeks of gestation to familiar and unfamiliar were left out. 57 This method gives insight into fetal preference of the voice of their mother over an unacquainted one as well as preferring the mother's voice in utero over the mother's voice after birth. These findings confirmed that fetuses are able to hear and learn their mother's voice before birth. 58 Recent data reported on selective fetal cortical processing for the mother's vs an unfamiliar voice at 34 weeks of gestation. 59 Other studies report that the fetus is able to learn and remember familiar auditory stimuli, and retain this information over the birth period. 60 It has been shown that rudimentary capacity for retention of information may be expressed as early as 30 weeks of gestation and prenatally acquired auditory memory can last even 6 weeks. 61 Other methods indicate that the fetus can learn tastes and acquire taste preference 45 and learn through smell. By discriminating different speech sounds in the womb 57, 58 the fetus may begin the process of acquiring language prenatally. Lastly, prenatal learning and memory could play an important role in the development of maternal recognition, attachment, feeding behavior, and social recognition. 2 The long-term auditory memory might play a role in the developmental psychobiology of attention and perception, including early speech perception.
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FETAL EMOTIONS
Emotions emerge in fetal life. 62 The easiest way to interpret emotions is by examining facial expressions. The existence of a full range of facial expressions, including grimacing, smiling, crying, similar to emotional expressions in adults (Fig. 3) , has been revealed by 4D sonography in the 2nd and 3rd trimesters of pregnancy. 7, 63 The complexity of facial expressions increases with appearance of "cry-face gestalt" or "laughter-face gestalt" that progresses during maturation in the third trimester. 64 Moreover, according to the observations obtained by 4D ultrasound, the facial expressions and emotion-like behaviors may represent some kind of fetal emotion and awareness. 65 The limbic forebrain is responsible for the expression and experience of emotions 66 with the amygdala mediating motional memory, attention, arousal, and the experience of love, fear, pleasure, and joy. Its development begins at early embryonic life 67 and reaches an advanced stage of maturity during the first postnatal year, 66 allowing the fetus to evaluate faces in social processing and discern the emotional significance of different facial expressions.
FETAL STRESS
Stress plays a key role in its protection of the organism. Many adaptive changes induced by fetal stress increase the fetal survival rate by creating a short-term protection. However, these changes can leave profound alterations in the structure and functions of the organism, especially affecting neurodevelopment. 68 Triggers that alter the intrauterine environment, such as maternal undernutrition or placental insufficiency, 68 as well as painful stimuli, 69 severe maternal emotional stress or stressful life events, [70] [71] [72] can cause fetal stress. It has been shown that raised endogenous glucocorticoids are known mediators of growth restriction and as such are found in IUGR pregnancies 73 with increased fetal cortisol levels.
The results of the case study obtained by KANET have indicated that the quality and quantity of movements in growth-restricted fetuses were significantly altered with a deficient repertoire of fetal movements and abnormal general movements. The fetus with severe hypoxia had neurological thumb (Fig. 4) and his face was like a mask. 74 The neuroendocrine stress axis includes the production and secretion of the corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and cortisol. Stress stimulates the hypothalamus to release CRH into the hypophyseal portal system causing a release of ACTH into the peripheral blood circulation. The ACTH stimulates secretion of glucocorticoid hormone, cortisol, from the adrenal glands. This axis operates in the fetus from mid-gestation. 43 Fetal CRH influences the timing of birth, portraying the fetuses' active role in the initiation of parturition. Additionally, studies show that fetal ACTH influences negatively on motor functions, impairing motor coordination and muscle tonicity, as well as reducing the attention span and increasing irritability. 2, 43 Moreover, recent investigations report that overexposure to glucocorticoids can result in premature cessation of fetal cell proliferation, leading to fetal growth restriction 75 and accelerated maturation of the brain with both structural and behavioral changes, such as hyper-alertness and impaired fetal responsiveness to novel stimuli. 76 Structural changes of the hippocampus [77] [78] [79] [80] are associated with memory impairment and learning disabilities later in life. Increased maternal stress has been linked to long-term neurodevelopment effects on the infant [81] [82] [83] [84] including a wide spectrum of disorders and disturbances: Attention deficit hyperactivity disorder, 85 sleep disturbances, unsociable and inconsiderate behavior, as well as psychiatric disorders, including schizophrenic episodes, depressive and neurotic symptoms, drug abuse, mood, and anxiety. 86 Fortunately, many investigations have shown that increased maternal care and environmental enrichment can compensate for prenatal stress-induced effects. [87] [88] [89] Recent study has also indicated that infant cognitive development can be moderated by infant-mother attachment.
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CONCLUSION
The use of 4D ultrasound allows us to monitor functional and structural brain development through fetal motor parameters and behavior. Additionally, it proves that the fetus needs a stimulating matrix of motion as well as tactile, chemical, and auditory sensory information and other stimuli for the brain and other organs and organ systems to develop properly. The extraordinary property of synaptic plasticity is shown in the primary auditory cortex before the brain has reached full-term maturation regarding experiencedependent plasticity. This demonstrates that the fetus can detect, respond to, and remember for a relatively long time stimuli experienced during the prenatal period. By developing functional thalamocortical and corticocortical connections, the link between the periphery and cortex is established, allowing the fetus to register and process noxious stimuli.
From developing preference for mother 's voice, through retaining memory postnatally, and acquiring taste preferences, the fetus shows profound and complex ability to learn and memorize certain stimuli through various methods. A new wave of investigations has also indicated that emotion-like behaviors and roots of emotions appear during fetal life. The later the stages of development and maturation come, the more complex processes take place, culminating with the development of cognitive functions at the end of pregnancy subsequent to development of primary cortical areas. The issue of fetal cognitive functions has been not only an object of interest for scientists, but also an important issue in clinical practice. With advancement in linking facial expressions to certain developmental stages as well as certain pathological states combined with the promising KANET score, it has become easier to distinguish the boundary between the pathological and the physiological conditions. Advances in medical diagnostics and technology allow prenatal and postnatal medical interventions.
To sum up, in order for the fetus to grow properly, he needs a stress-free environment abundant with various stimuli for normal development of the brain and other organs and organ systems. 
